Elementary compositions of municipal solid waste incineration (MSWI) fly ash was analyzed. In addition, influence of perchloric acid concentration and liquid to solid ratio on removal efficiency of the four heavy metals was investigated. It was found that there are 11 major elements in fly ash, with content over 1%, and content of them follows sequence of O > Ca > Si > Cl > Al > Fe > Na > S > C > Mg. These major elements account for around 97.5~98.7% of the ash. Removal ratio of Zn, Pb, Cd and Cu followed the decreasing sequence of Zn > Pb > Cd >Cu for acid extraction using perchloric acid. The optimal extraction conditions are: perchloric acid 3 M, liquid to solid ratio 30 mL liquid / 1 g ash, resulting in an extraction ratio of 89% for Zn, 85% for Pb, 41% for Cd and 32% for Cu.
Introduction
Fly ash from MSW incineration (MSWI) is a complex mixture of various substances, including heavy metals, chlorides, oxides, and some organic substances. Spherical particles are common in fly ash, associated with aggregates of polycrystalline, amorphous and glassy material [1] [2] [3] . In such a complex system, leachability of heavy metals is complicated, which determines their threaten to the environment.
The disposal of fly ash generated during municipal solid waste incineration (MSWI) may pose a significant risk to the environment due to the possible leaching of hazardous pollutants, such as toxic metals [4] . It is regarded as a hazardous material because concentrations of TCLP leaching solution exceeded standards [5] . Thermal treatment is one of the most important methods, which involves sintering technology and vitrification process. The former attracted more attention than the latter because of its low energy needed. No matter which one is used, a through understanding of its thermal characterization is of great importance.
It was evaluated that the emission of Pb and PAHs from thermally co-treated MSWI fly and bottom ash process by changing the form of pretreatment, the proportion of bottom ash and the retention time [6] . In addition, they also analyzed the toxicity of thermally treated slag. They found that a washing pretreatment reduced not only the TCLP leaching concentration of Pb, but also the emission of PAHs from the solid phase during thermal treatment process. In addition, the thermal treatment reduced the toxicity of raw fly ash effectively.
This study investigated treatment efficiency of washing with perchloric acid. In addition, influence of concentration of perchloric acid and liquid to solid ratio on removal ratios of Ni, Pb, Zn and Cu, to determine the optimal condition for removal of the four heavy metals.
Influence of concentration of perchloric acid. Add 1 g ash to five conical flasks respectively, then add perchloric acid of concentrations of 1, 2, 3, 4 and 5 mol/L to the flasks. Put the flasks on vibrator (ZD-88B) at 25 ℃ and vibrate for 4 hours at speed of 30r/min. Filter the liquid and measure absorbance of the filtrate using atomic absorbance spectrophotometer (AAS, AA6000). Influence of liquid to solid ratio of perchloric acid. Add 1 g ash to five conical flasks respectively, then add 10ml, 20ml, 30ml, 40ml, 50ml perchloric acid of 3 mol/L. Put the flasks on vibrator (ZD-88B) at 25 ℃ and vibrate for 4 hours at speed of 30r/min. Filter the liquid and measure absorbance of the filtrate using ICP (IRIS Advantage 5000).
Results and Discussion
Elementary component variation as a function of temperature. It was shown ( Fig. 1 ) that there are 11 major elements in fly ash, with content over 1%, and content of them follows sequence of O > Ca > Si > Cl > Al > Fe > Na > S > C > Mg. These major elements account for around 97.5~98.7% of the ash. Content of Cl, around 9.23%, is relatively high, which should mainly exist in chlorides involving NaCl and KCl and other soluble salts as proved by sectioned scanning of XRD analysis. These soluble salts can increase leaching of heavy metals through ion exchange with them, and thus enhance toxicity of fly ash. In addition, Cl also exists in dioxins and other organic substances whose toxicity is very strong, and thus fly ash is a hazardous waste and should be treated safely.
Content of S, around 1.58%, is relatively high and exists mainly in sulfates and sulfides as proved though XRD analysis. These sulfates and sulfides, together with Ca, K, Mg and Na, inflict a bad influence on stabilization of fly ash in cement materials. However, Ca, K, Na , Mg and Fe, registering a high content in the ash, can help break Si-O, Al-O in quartz, silicates and aluminum salts to form new silicates and alumiosilicates as they are molecular network improver. Hence, they are conducive to reduction of energy consumption in making of fired construction materials, such as glazed tile, ceramic brick, ceramic glass and etc. Si and Al, two important elements which form molecular network of salts, can shape backbone of silicates and aluminosilicates. 14 minor elements are detected and content of them follows sequence of Zn > Pb > Mn > Cu > Cr > N > Sb > Ti > Ni > As > H > Cd > Ag > Hg, as shown in Fig. 2 . Content of C and N, registering around 1.3% and 0.03% respectively, is relatively low, demonstrating a low content of organic substance in the ash as proved by IR analysis. Among the minor elements of fly ash there are 8 hazardous heavy metals which may harm environment through leaching out of the ash and thus should be stabilized.
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Fig. 1 Elementary content of MSWI fly ash
Influence of perchloric acid concentration on removal concentration. Removal ratio followed the decreasing sequence of Zn > Pb > Cd > Cu for acid extraction using perchloric acid, quite different with that sequence of Pb > Cd > Cu > Zn for extraction using nitric acid. It indicated that perchloric acid was efficient in removing Pb and Zn, but less efficient in removing Cu and Cd. Removal ratios of Pb, Zn and Cd first increased and then decreased with increase of perchloric acid concentration, reaching the maximum extraction ratio at 3 M for Pb and Zn, and at 4 M for Cd. While for Cu, the extraction ratio increased steadily with increase of perchloric acid. Therefore, the optimal perchloric acid concentration was 3 M, resulting extraction ratio of 89% for Zn, 85% for Pb, 41% for Cd and 32% for Cu. Influence of liquid to solid ratio on removal concentration. Perchloric acid of 3 mol/L was chosen to study influence of liquid to solid ratio on removal efficiency of Zn, Cd, Pb and Cu. Liquid to solid ratio was calculated as volume of perchloric acid (mL) : fly ash mass (g). Influence of liquid to solid ratio on removal ratios was shown in Fig. 3 . Removal ratios of the four heavy metals increased steadily with increase of liquid to solid ratio, indicating a bigger liquid to solid ratio is conducive to extraction of the heavy metals.
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Conclusion
Removal ratio followed the decreasing sequence of Zn > Pb > Cd > Cu for acid extraction using perchloric acid, quite different with that sequence of Pb > Cd > Cu > Zn for extraction using nitric acid. Perchloric acid was efficient in removing Pb and Zn, but less efficient in removing Cd and Cu.
Removal ratios of the four heavy metals increased steadily with increase of liquid to solid ratio, indicating a bigger liquid to solid ratio is conducive to extraction of the heavy metals.
There are 11 major elements in fly ash, with content over 1%, and content of them follows sequence of O > Ca > Si > Cl > Al > Fe > Na > S > C > Mg, accounting for 97.5~98.7% of the ash. Content of Cl, around 9.23%, is relatively high, which is conducive to extraction of heavy metals.
